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A FLUOROISOPRRNWATION SEQUENCE EMI’LOYING 

2.FLUOROALRRNAL DERIVED AZOMETHINES AS REY INTERMEDIATES : 

A STEREXXONTROLLED SYNTWSIS OF 2-FLUOROGERANIOL AND 2FLUOROFARNBSOL 

Thi My Thu TRUONG-NGUYEN, Hideu TOGO and Manfred SCHLGSSER * 

Institut de Chimie organique de l’Universit15 
Rue de la Barre 2, CH-1005 Lausanne (Switzerland) 

m : Azomethines (SchifPs bases) derived from a&unsaturated a-fluoro- 
aldehyde.s can be deprutwated with lithium diisopropylamii The resulting “anions’ 
or, correctly, 3-fluoro-1-azapentadienyt lithium compounds are conformationally 
mobile. While eight different coplanar structures are possible, one of them, a zigzag 
shaped (w) conformation must be largely favored. - Depending on their nature, 
electrophilss attack the l-azapentadienyl intermediates at either of the three nudal 
points : the nitrogen atom the fluorine bearing a-position or the terminal ~-position. 
AllyI type alkylating reagents produce a mixture of a- and q-regioisomers from which 
the pure components can he separated. Consecutive hydrolysis and reduction provides 
a-fluoroafkenals and a-fhtoroallyl alcohols. 

Pentadienyl type organometallics can exist in three or four resonance stabii and hence privileged structures. 

The required coplanarity can be achieved by horseshoe like (U), sickle like (S) and zigzag-like yw) confor- 

mations. If the two wings of the pentadienyl moiety are asymmetrically substituted (e.g., by an alkyf group R at 

the Zposition) the degeneracy of the sickle-shape is removed and twu non-identical S and S’ conformations have 

to be considered, one carqing the substituent at the blade, the other at the handle of the sickle. [‘* ‘l 
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The rotation around an internal (C-2/C-3 or C-3/C-4) carbon-carbon bond of the pentadienyl moiety occurs 

quite readily at temperatures above -60 ‘c 1’). ‘lherefore, a rapid dynamic equilibrium between the privileged 

conformations is established Umber ordinary conditions. As chemical and spectroscopic investigations have 

revealed, most pentadlenylmetal de&atives are accomodated in the W conformation preferentially if not 

exclusively. Notable exceptions are pentadienyl, are-l-alkylpentadienyl and 24kylpentadienyl potassium 

compounds as well as 2@ialkylpentadienyl~arsium or lilhium which all favor the [I shape. t1 _ ‘) 

When devising the fluoroisoprenylation sequence [‘I), we expected the key intermediate, 1-aza-3-fluoro-4 

methylpentadienyl lithium, again to adopt the W shape as required. This assumption is plausible. While the 

fluorine substituent should exert only a small effect, the nitrogen atom must cause a major perturbation of the 

electron distribution in the pentadienyl moiety. Negative charge being accumulated at the heteroelement, a metal 

such as Wimn or even potassium will abandon its a-type (u3 or 0’) 1’) interaction with the organic backbone and 

rather install a u-bond. Under these circumstances, (I and S structures present only disadvantagea and should no 

longer be able to compete with W confmations. Actually an nmr study showed potassium 2&entadienolate 

(‘I-oxapentadienyl potassium”) to occupy the ‘W shape if in liquid ammonia. 1’1. In view of this highly 

diitive medium, however, the comparison with our lithium dienamides (“I-azapentadienyl lithium” species) 

in ethereal solution may be considered as too farfetched. Moreover, a spedrosoop ic approach will generally 

allow to detect the major conformer but not identify minor components beyond doubt. Therefore, we decided to 

probe the structure of 1-azapentadienyl species by correlating their various conformations with the configurations 

of derivatives formed upon their interception with electrophilcs. 

The approach will be illustrated taking the aldimine resulting from the condensation of 24uoro-3-methyl-2 

butenal 17J with fer+butylamine as a mod4 case. Its deprotonation with lithium diisopropylamide in tetrahydro- 

furan generated lithium IV-&vt-butyl-(2-fluoro-3-methyl-l,3-butadienyl)amide as a colorless, perfectly soluble 

intermediate. The latter species was then trapped by a variety of electrophilcs which attacked at one of the three 

electron-rich centers, either at the nitrogen or at the carbon-2 or the carbon-4 atom. Dependii on the nature of 

the electrophile chosen, a single regioisomer (1,2 or 3) or a mixture consisting of two or three components was 

formed. 
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Whereax the ehxtrophile becomes attaw it will suppress the bond axraging charge delocalizatio~ f* 

simple and double bonds in alternation. The confiigwation of the double bonds now provides all the information 

to elucidate the conformation of the lithiatcd proausors. For cxampk, if the electrophile attacks the,nitrogcn 

and produces a new double bond between C-l and C-2 which has the (E) configuration this could be traced 

back to either a U- or an S-shaped intermediate. If then another electrophile gets linked to the terminal carbon 

atom and gives rise to a permanent double bond between D-3 and C-4 having a (2) configuration, this would be 

eompatiile with either an (Sy or a (w) conformation. The latter, however, has to be ruled out in order to satisfy 

also the previous fin@. Only the regioisomers 2, which carry the electrophile in the middle of the former 

azapentadienyl moiety, have lost all their stereochemical history. They could only serve to certify the (E) co&u- 

ration of the azomethine function, though thii is not really an open question. Due to the steric bulk of the ferl- 

butyl group [*I, it may be safely assumed always to occupy the &zns (or exe) position. Otherwise we would have 

to deal with eight rather than four privileged conformations. 
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When the lithiated N-(znuoro-3methyl-zbutcnylideae)-lcrl-bu was allowed to react with deuterium 

oxide, acyl chloride and chlorodiphenylphosphine, pure rcgioisomers la and lb were formed. Previously 

Oppolzer er al. m had shown lithium N-(rut-butyl)-l,3&utadienylaaGde, i.c. deprotonated N-(Zbutenylidene)- 

r&-butylam& to undergo ex&sive acylation at the heteroatom. Siiultaneously Japanese workers [lo* had 

reported the same species as well aa its Imcthyl br8nched homologue to af.tixd se&My the N-silylated 

derivativcswhentrcatedwithchlorotrimtthybilne.Withourintumadiatc,bamever,a1:2mhmueoftheC4 

aadN~~~cmrpouaQlcondkwabisdatcd.A4:1mixturedallylationproductsUPad3dresultcd 

from the reaction with dimethyl sulfa& while methyl iodide gave exclusively 2d. tM&ss&x d al. Ilrl had 
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formerly studied the akylation of Wiated Iv-(2-butenyiidene)-cyclobeqk~& using half a doaen of different 

organic halides and never okrved electropbigc attack at another position than at C-2. F&by chlorodipbenyl- 

pbqbinc proved highly regioselective in favor of the terminal C-4 position, leading to the phospbine 3e. 

lb 
F SilCH& 
lc 

2d 

&NY +NK &NY 
(H,C,I,P F F (H&Si F 

3e 3d 3e 

As evidenced by ‘H- and “F-mm spectroscopy, all derivatives 1 and 3 were pure stereoisomers having the (2) 

configuration in both series. This allows us to conclude that only the W conformer of the litbiated rut-butyl-N-(2- 

fluoro-3-methyl-2butylidene)amine is populated to a significant extent. 

7%~ Gmftnmational MobSty ojLdhhm 2-Fhwm-lJ-dienmi 

, One might, of course, have argued in a different way. Could the preponderance of the W conformer not simply 

reflect a higher kinetic acidity of the altylic metbyl group occupying the cis position with respect of the halogen 

atom in conjunction with a frozen conformational equilibrium ? In or&r to refute this objection we bad to 

demonstrate the conformational mobiity of the litbiitcd azometbanes. Tbis was achieved by using stereoisomers 

that would have to generate an S- (or U-) shaped intermediate upon deprotonation. 

To this purpose, we bave prepared a 3 : 2 (Z/Z) mixture of tert-butyl-N-(2-fluoro-3-metbyl-2-pentenylidene)- 

amine. Tbis could he accomplished by an acid catalyzed isomerization of the methylatioo product 3d isolated as a 

pure (Z) isomer (see above). Alternatively, the same (Z/E) mixture could be produced by solvolytic ring opening 

t71 of l-chloro-l-fluoro-2-etb~-~methoxy-2cme~~~~opro~e followed by condensation of the resulting 

aldehyde (Z/2? = 3 : 2) with reti-butylamine. After selective P21 deprotonation of the allylic methyl group in both 

geometrical azaometbine isomers with lithium diisopropyhuuide and subsequent akylation with 3-methyl-2 

butenyt (preoyl”) bromide, a 60 : 40 mixture of tbe C-2 branched and the C-4 chain lengthened regioisomer (4a 

and 5a, respectively) was obtained, tbe hydrocarbon chain of the latter having excl&ly the &uns congguration 

(Z&a). Even more conclusive was a similar study with rUr-butyl-N-(2_flu~~3,4,~~~~-~~nteny~&ne)- 

amine as the starting material, since this compound was accesible as a pure (Z) isomer. After consecutive 

treatment with lithium diisopropylamide and with preoyi bromide the (Z) and the (E) isomer (E-sb) of the chain 

lengthened product 5b was formed as the principal product, besides the branched regioisomer 4b. Thus, the 

conformational mobility of “l-azapentadieoyl lithium” intermediates has been compellingly demonstrated. 
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Fluomtetpenoidr by Allyhation of Lithium 2-Fluotu-1,3dienruni 

The concomitant attach of prenyi bromide at the C-2 and C-4 position, producing a mixture of regioisomers 4 

and 5 was not to be expected since halogen free lithium NW-butyl-(3-alkyl-1,3-butadiene)amides were reported 

to react with prenyl chioride to give vktually pure branched derivatives (to]. Therefore we wanted also to study 

the behavior of lithium NJeri-butyl-(2-fluoro-3-methyl-l,3-butadiene)amidcs itself towards allyl type akyhuing 

agents. When treated with allyl, prenyl and geranylbromide, it invariably afforded mixtures of branched and 

chain elongated products (6 and 7, respectively) in ratios varying from 3 : 2 to 1: 1. The tatter regioisomers were 

again stereochemicaily homogeneous, having the (Z) configuration. Acid hydrolysis converted the azomethines 6 

and Z-7 into the regioisomeric aldehydes 8 and (Zj-9 which could be readily separated by chromatographic 

means. 

R 8 
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Fibally, the aldehydcs have been reduced to the corresponding allyi alcohols. The branched regioisomer 8b gave 

2Ahrolavanduioi (lob); the chain-elongated derivatives (Z)-9b and (Z)-9b afforded 2A’horogeraniol (Z)-llb 

and Zfluorofarneso~ (Z)-llc. 

&dpQ - A&” 
z-Ob &/&n&lo - A+/dzi)” 

F F 
2-h z-llc 

These czamplc.6 illustrate the principle features of the fluoroisoprenylation sequence disclosed in the present 

work. Its major appeal is the perfect stereocontrol which can be exerted. On the other hand, its lack of 

regioselectivity constitutes a certain drawback although the latter is attemmted by the ease with which the 

branched and chain elongated products can be chromatographicaUy separated. 

EXPERIMENTAL PART 

. . 
1.m 

For standard laboratory practice, tcctmiques and abbreviations, see related articles, e.g. ref. [X3]. 

a) ZFhoro-hlkenal6 

Warkingpruccdm [I41 : At -35 X a flask canying a dry ice condenser was filled with ~4,7,lO,l3J6-hexaoxacycl~ 
octacane (W-crown*, 0.80 g, 3.0 mmol), a 55% aqueous solution (SO mL, 1.2 M) of potassium hydroxide 
(73 mmol), the eaether (0.10 mol) and dichlorofluorome&ane (2l mL, 30 & 030 mol). After 3 h of vigorous 
maguetic stirhug at 0 ‘C, the organic layer was decauted and the aqueous phase eztracted with diethyl ether (2 x 
SO mL). After evaporation of the solve* water (50 mL) cohning some sxiium do&&uhte (sodium 
laurylsulfate”, 05 g) and hydroquinone (0.1 g) was added. The suspenskm was heated 7 II to reflux. Extraction 
with diethyl ether (3 x 20 mL), drying filtration and distillation afforded the desired product. 

2-Ffuer+3-anethyN-pen@ml: 57% (hm l-methoxy-2-methyl-1-butene ‘q); bp 58 - 60 “C/60 mmHYY (Zfij 
ratioof60:40afcordingtolFas~o~~aphy(40mC-20M,80OC,20mSE-30,60’C)andnmr.- H-NMR 
(80MH2):69~(1~~116),24(2H,m),205(0~x3~d,13),1.90(0.4x3H,d,14),L10(0.6x3H,t,I 
7),1~(0.4x3~t,17).-19p-NMR(&1,7MHz):-sI(0.4x1F,6,J17),-58(0bx1F,d,J18).-MS(180 
‘C) : 116 (696, Ad+), 59 (100%). - Analysis : cak. for C,&FO (116.13) C 6205, H 7.82; found C 61.96, H 7.91%. 

2-Fluoro-3,4,4-Wmet4l-2-peu~ : 70% (from l-mcthoxy-2,3,3-trimethyl-1-butene [*61); bp 82 - 85 “C/2.5 
mmHg.-1H-NMR(360MHz):6981(1H,~J158),211(3~~J33),1~(9H,d,/29).-Analysis:calc 
for t&HUFO (144.19) C 66.64, H 9.0s; found C 6631, H 9.18%. 
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b) Azomethines 

Workingprrxc&u : The 2-fluoro-2alkenai (0.10 mmol) was added to uli-butylaminc (1,2dimethylethylamme, 
12mL83&O.llmol)atO~.The~wasallawcdtostand2hat25~inthepnscnccofpowdered 
potassium hydroxide (1.0 & l8 mmol) before beinS distiw under reduced pressure. 

rat-Butyl-N-(2-fluoro3-mathyl-~dena)amfua : 70%; bp 85 - 90 ‘c/35 mmI-& - ‘H-NMR (80 MHz) : 
68.10(1H,d,~l8),1.90(3H,d,J3),1.87(3H,d,J4),125(9H,s).- 9F-NMR(84.7MHz):-48(d,hept, 
I l&3). - MS (150 T) : l59 (9%. M+), 101 (100%). - Analysis : talc for CaHIaFN /l57,27) C 68.75, H lOa, 
found C 68.86, H lOa%. 

rat-Rutyl-N+flu~ .2-pantenylfdana)am& : 71%, bp 69 - 70 “C/l2 nlmH& (Z/E) ratio of 60 : 40 
a~~to~~~apby(2m,3%SE30,120OC,2m,~C-20M,120OC)andnmr.-‘H-NMR(80 
MH(z):d7~(1H,~119),22(2H,m,190(0.6x3H,d,13),~(0.4x3H,d,I4),~(9H,s),1~(0~ 
x 3 H, t, I 7). 1.10 (0.4 x 3 H, d, I 7). l JF -NMR (84.7 MHz) : -Xl (0.4 x 1 F’, d, J 21), -52 (0.6 x 1 F, d, J 20). - 
MS (180 ‘C) : 171 (656, M+),lOO (100%). - Analysis : calr for CtOHlsFN (171.2) C 70.13, H 1059; found C 
7030, H 1060%. 

terl-But)rl-N-(21lua~~~~2-p : 57%; bp 62 - 65 T/l mmHg. - ‘H-NMR : (360 
MHz) : 6 8.06 (1 H, d, I $8.1), 1.88 (3 H, d, I 2.8), 1.28 (9 H, s), 1.23 (9 H, d, J 1.7). - Analysis : talc. for 
C1&FN C 7232, H 11.13, found C 7246, H 11.15%. 

. . . 
3. p 

Wotkingpmcedwe : At 0 ‘C, tetrahydrofuran (40 mL). diisopropylamme (4.3 mL, 3.0 R 30 mmol) hexamethyl- 
phosphoric triamii (53 mL, 5.4 S, 30 mmol) and the fluorinated azomethane (30 mmol) were consecutively 
added to a 1.5 M solution of butyUithium (30 mmol) in hexane (20 mL). The mixture turned immediately cherry- 
red. After 3 h at 0 T., it was cooled to -75 ‘c and the electrophile (30 mmol) added. After dilution with diethyl 
ether (30 mL), the organic phase was thoroughly, thou& rapidly washed wit &water (5 x 20 mL), dried and 
evaporated. A first nmr spectrum was taken of the crude product which then was purified by distillation or 
chromatography. 

f~-Butyl-N-(2duoro5me~~l~bubdien)r[*H]amine (la) : Approx. 70% (with deuterium oxide). - ‘H- 
NMR(80MHz):65~(lH,~1n),4a7(1H,s,broad),4~(1H,m),l.~(3H,s,braad),1~(9H,s).- 
‘9p-NMR (84.7 MHZ) : -71 (a, In) . - MS (180 “c) : 158 (3%. ,U+), 101 (ltNI%). 

N-lert-Butlyl-N-(2du~~-l~u~~~)~ (lb) : 86% (with chlorot.rimethylsilane). - ‘H-NMR 

IpF 
80 MHz) : 6 5.60 (1 H, d, I25), 4.90 (1 H, s), 4.5 (1 H, m), 2.05 (3 H, s), 1.77 (3 H, s, broad), 1.25 (9 H, s). - 

-NMR (84.7 MHz) : -52 (d, J 23). 

tcrt-Butrl_N-(~uo-m~l~-butadien (lc) : Major component of a 2 : 1 
mbture (approx 80%) obtabwd with acetyl chloride. - ‘H-NMR : S 5.70 (1 H, d, In), 4.70 (1 H, s, broad), 4.6 
(1 H, m), 1.90 (3 H, s), 1.00 (9 H, s), 0.10 (9 H,s). - 19F-NMR (84.7 MHz) : -71 (d, 127). 

f~-Bu~-N-(~u~~~~~~bu~~)a~ (3c) : Minor component of a 2 : 1 mixture 
(approx. 80%) obtained with acetyl chloride. - ‘H-NMR(80MHz):68.07(1H,J20),200(3H,d,13),1.8(2 
H, m), 1.35 (9 H, s), 0.X) (9 H, s). -‘?VjMR (84.7 MHz) : -50 (d, J 18). 

lert-Butyl-N-(2auo~~u~~)~ (2d) : Major component of a 4 : 1 mixture (71%) 
obtained with dimethyl sulfate. - ‘H-NMR (60 MHz) : 6 7.60 (1 H, d, I 9.5), 5.14 (1 H, s, broad), 5.00 (1 H, 
symm. m), 1.75 (3 H, s), 1.56 (3 H, d, J 22), 1.20 (9 H, s). - ‘kNMR (84.7 MHz) : -77 (qd, I 21,9). - MS (l50 
“C) : 173 (02%, M+), 257 (lO%), 57 (100%). - Analysis : talc for C&,HtsFN (173.2) C 70.15, H 10.5% found C 
70.36, H 10.62%. 

(Z~-Bual-N-(2au~~~~~i~)~ (3d) : Minor component of a 4 : 1 mixture (71%) 
obtained with dimethyl sulfate. - Identification as the (Z) isomer by acid hydrolysis (see Section 4) followed by 
was chromatographic and nmr spectroscopic comparisoa with the two stercoisomeric 2-fluoro-3-methyl-2 
pentenak des&bcd above (Section 2). 

tert-Bu~~~~pp~o~-2~no~ -2-huta1ylidena)amiua (3e) : 42% (with chlorodiphenyl- 
phosphine, subsequently treated with a large excess of 30% aqueous hydrogen peroxide duriag 1 h at 25 ‘c, 
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eluted with toluene from silica gel; apparently the material underwent a 1 : 1 (Z/E) equilibration during the 
chromatography; mp 228 - 239 “C (dec). - ‘H-NMR : 6 7.8 (5 H, m), 7.4 (6 H, m), 3.62 (0.5 x 2 H, d, I 14). 330 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
Upon acid hydrolysis (see Section 4) the corresponding aldehyde was form& as a 1: 1 mixture of (2) and (E) 
isomers; 82%, mp 115 - 129 ‘C (from tohmne). - Analysis : cak for C17H16FO$ (m.28) C 6755, H 533, found 
C 67.74, H 5.41%. - (E)QDiphen~phosphino~2-fluo~-me~~-2-bu~~ : H-NMR (80 MHz) : 6 9.20 (1 H, 
d,J 7), 7.7 (10 H, m), 358 (2 H, dd,I 14,2), 2.00 (3 H, t,J 3. - ‘%-NMR (f&4.7 MHz) : -42 (s, broad). - (214 
Diph~phoJphinoy13-fluo~me~~~-~~~-2~u~n~ : H-NMR (80 MHz) : 6 9.62 (1 H, d, J 16), 7.7 (4 H, 
m), 7.5 (6 H, m), 330 (2 H, dd, I l5,3), 2.27 (3 H, t, I 4). - 19F-NMR (84.7 MHz) : -52 (s, broad). 

lert-Bu~-N-[2-(l~~~)-2-fluoroJ-me~4b~de~)amlne (4a) and (Z)Jert-Butyl-N-(3e-2-fluoro-7- 
metI@-2,6-octadknylidene)am~e (Z-Sa) : The mixture resulting from the reaction with prcnyl bromide was 
immediately submitted to acid hydrolysis (see Section 4). The resulting aldehydes were isolated by distiUation (bp 
55 - 60 ‘C/O.2 mmHg) and separated by preparative gas chromatography (2 m, 5% OV-17,130 “C). - I-(I-Bthyl- 
vinfl-2-fluoro&nethyl4-hexenal: ‘H-NMR (80 MHz) : 6 9.35 (1 H, d, I 6), 5.1(3 H, m), 2.60 (2 H, dd, J 2X/), 
200 (2 H, q, I 7), 1.70 (3 H, s), 1.60 (3 H, s), 1.05 (3 H, t, I 7). - 19F-NMR (84.7 MHz) : -92 (dt, J 25, 6). - 
Analysis : talc for C H ,FO (184.25) C 71.71, H 930; found C 71.60, C 9.43%. - (Z)3-Eth~3-Ruoro-7-methyl- 
Z&octadienal : ‘H-I&k (360 MHz) : 9.60 (1 H, d, I 16), 5.10 (1 H, t, 17). 2.50 (2 H, qd, J 7,2), 2.4 (2 H, m), 
2.24 (2 H, t, I7), 1.72 (3 H, s), 1.60 (3 H, s), 1.16 (3 H, td, I 7.1). - 19F-NMR (84.7 MHz) : -57 (d, I 16). - 
Analysk : talc. for C,,H,,FO (184.25) C 71.71, H 930, found 71.77, H 9.36%. 

tert-Butyl-~-[2-(l~~-bu~n~vin~)-2-fluo~S-me~~~-h~idene)am~e (4b) and (E)Jert-Butrl-N-(3J-butyf- 
2-iluoro-7-methyl-2,6-octadienylidene)amine (E4b) in the ratio of 5 : 1 : Again simply a spectrum was recorded 
of the crude mixture which was then immediately hydrolyzed to afford the corresponding aldehydes. - 4b : 7.47 (1 
H, d,J11.2), 5.19 (1 H, t,J7.1), 5.08 (1 H, d,J4+8), 4.88 (1 H, d,l1.7), 273 (1 H, d,J 73), 267 (1 H, 41- 7), 
1.69 (3 H, s), 1.62 (3 H, s), 1.15 (9 H, s), 1.13 (9 H, d, I - 1). - (E-Sb) : 8.34 (1 H, d, I20.8), 5.19 (1 H, t, J 7.1), 
2.2 (2 H, m), 21(2 H, m), 1.28 (9 H, d, J 21), 12.5 (9 H, s). - 2-(l~ert-Butylvinyl)-2-fluoroJ-metbylehexc : 6 
955 (1 H, d, / 6.9), 5.22 (1 H, d, J 4.5), 5.14 (1 H, thept, I7.2,l.Q 4.95 (1 H, d, / 1.7), 272 (1 H, dd, J 7.1,6.4), 
265 (1 I-i, d, I7.1), 1.71 (3 H, d, I - 0.5), 1.62 (3 H, s), 1.15 (9 H, d, I 1.4). - (E)-3-&vf-iiutyb2-tluoro-7-meth~- 
2,6-octadienal: 6 10.05 (1 H, d, J 19.2). - 5.2(1H,t,J-7),2.3(2H,m),22(2H,m),1.36(3H,s),1.28(3H, 
s), 1.13 (9 H, d, J 1.7). 

lert-Bu~-l-N-[2fluo-(l-mctbylvioyl)4~u~~]~ne (6a) : Major component of the 3 : 2 mkture 
(obtained upon reaction with allyI bromide, Wi bp 35 - 45 T/O2 mmHg) with Z-7a; separated by preparative 
gas chromatography (6 m, 5% SE-30,110 “C). - H-NMR (60 MHz) : 6 7.52 (1 H, d, J lo), 5.9 (1 H, m), 5.2 (2 
H, m), 5.0 (2 H, m), 276 (2 H, dd, J 25,7), 1.73 (3 H, s, broad), 1.20 (9 H, s). -‘?WMR (84.7 MHZ) : -83 (td, I 
24,11). - MS (l50 “C) : 197 (0.3%, M+), 112 (lo%)), 57 (100%). - Analysis : cak for C@$N (19730) C 73.05, 
H 1O.Q found C 73.08, H 10.10%. 

(z)-tert-Butyl-N-(2-Eluoro-3-metbyl-2~hep~~~&~)a~e (&?a) : Minor component of the 3 : 2 mixture 
(obtained upon reaction with ally1 bromide, 79%. bp 35 - 45 “C/O.2 mmHg) with 6a, separated as descrii 
above. - ‘H-NMR (80 MHz) : 6 8.13 (1 H, d, I 18). 58 (1 H, m), 52 (2 H, m), 24 (4 H, m), 1.92 (3 H, d, I3), 
1.30 (9 H, s). - ‘?WMR (84.7 MHz) : -51 (d, J 18). - MS (150 “C) : 199 (0.496, M+), 57 (100%). - Analysis : 
talc. for C,&,FN (197.30) C 73.05, H 1O.Q found C 72.93, H 10.05%. 

~-Butyl-N-[2-0uo~~me~yl-2-(l-me~v~)~~ld~e~~e (6b) : Major component of the 4 : 3 
mixture (obtained upon reaction with prenyl bromide; 6956; bp 45 - 50 “C/O.2 mmHg) with Z-W, .separotcd by 
preparative gas chromatography (6 m, 5% SE30,uO “C). - ‘H-NMR (CC1 ,60 MHz) : 6 7.53 (1 H, d, I ll), 5.1 
(3 H, m), 2.68 (2 H, dd, J 25,7), 1.7 (6 H, m), 1.18 (9 H, s). - ?wMR (84.7 MHZ) : -81 (tm, J u). - Analysk : 
cd. for C#.$N (225.35) C 74.62, H 10.73, found C 74.80, H 10.79%. 

(Z)-r~-Butyl-N-(2-fluo~3,7~~~~-2~~~~~dene)~Ine (Z-7h) : Minor component of the 4 : 3 mixture 
(obtakd upon reaction with prenyl bromide, 69%; bp 45 - 50 “C/O.2 mmHg) with 7a; was directly characterized 
as its hydrolysis product Z-7b (gee Section 4). 

~erl-Bu~-~-[2-~uoro-s9-dimcthyl-2-(l-me~ylv~n~)~~~die~dene)u~ne (6a) and (Z)-tcri-ButyLAW- 
W-Butyl-N-(2duo~,7~1-~~~~-2~~~~~~~dene)amine (Z-7c) : Since. the 4 : 3 mixture under- 
went (Z/E) equilibration upon attempted distWion or chromatography, it was immediately hydrolyzed under 
weakly acidic cOnditions. 
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Wodingprucedm : The au& azomcthinc.s (20 mmol) were dissolved in diethyi ether (40 mL) and added to a 
solution of sodium acetate (8.2 g, 0.10 mol) in 50% aqueous acetic acid (40 mL). After 90 min of vigorous 
&ring, the organic layer was decanted and the aqueous phase extracted with diethyl ether (2 x 50 mL). The 
combined organic layers were washed with a saturated aqueous solution of sodium hydrogencarbonate (2 x 50 
mL) and brine (50 mL). After drying and evaporation of the solvent, vohitile residues were distilled @a + Z-9a : 
811, bp 35 - 40 ‘C/2 mmH& 8b + Z-9h : 80%; bp 45 - 60 ‘C/O5 mmHg) and the components were separated 
by preparative gas chromatography @a + Z9b : 2 m, 5% OV-17,120 ‘C; Sb + Z-9b : 3 m, 15% UCC-W, 140 
‘C). The C, aldehyde Z-9c, however, isomerized at temperatures above 70 “C. Therefore, the regioisomeric 
aldehydes 8c and Z-9c (92%) was separated by column chromatography employing silica gel as the support and a 
2 : 98 mixture of ethyl acetate/h-e as the element. 

2-~uoro-2-(1-rne~~~~)4~~n~ @a) : IR : 1750 (s). - ‘H-NMR (80 MHz) : 6 9.40 (1 H, d, J 5), 5.7 (1 H, 
m), 5.1(4 H, m), 265 (2 H, dd, J 24,7), 1.72 (3 H, s, broad). - *?QlMR (84.7 MHz) : -92 (td, J 24,6). - MS 
(180 ‘C) : 142 (l%, JU+), 123 (13%). 114 (100%). - Analysis : talc. for CsH,,FO (14217) C 67.59, H 7.80, found 
C 67.26, H 7.95%. 

(Z)-2-nuo~~~~-2~heptaarenal (Z-9a) : IR : 1690 (s). - ‘H-NMR (80 MHz) : 6 9.72 (1 H, d, I 16), 5.7 (1 
H, d, I 16), 5.97 (1 H, m), 5.00 (1 H, d, J 16), 5.97 (1 H, dm, J lo), 240 (4 H, m), 210 (3 H, d, J 3). - ‘H-NMR 
(360 MHz) : 6 9.72 (1 HJ 16), 5.83 (1 H, ddt, J 16 10,7), 5.08 (1 H, dq, I 16, Is), 5.03 (1 H, dq, I 10,15), 240 
(2 H, td, I 7,2), 2.3 (2 H, m), 210 (3 H, d, / 3). -t&RvfR (84.7 MHz) : -57 (d, J l!5). - MS (180 ‘C) : 142 (2%, 
M+), 114 (100%). - Analysis : cak for CsH,,FC (14217) C 6759, H 7&k found C 67.78, H 7.85%. 

2-FluoroS-meth~3-(l-methylvinyl)-4-bcren (Sb) : IR : 1750 (s). - ‘H-NMR (CDC$, 360 MHZ) : 6 9.48 (1 H, 
d, 15.5). 522 (1 H, s), 5.14 (1 H, dt, J 4.6,1.4), 5.09 (1 

‘9p-NMR (84.7 MHZ) : -84 (td, J z&7). 
H, thept, J 7.2, L4), 262 (2 H, dd, J 23,7), 1.72 (6 H, s), 

1.65 (3 H, s). - - MS (150 ‘C) : 170 (3% M+), 141(25%), 69 (100%). - 
Analysis : cak for CteH$O (17023) C 7056, H SB, found C 70.63, H 8.99%. 

Iz)-2-nuo~,7~m-2~~~ (Z-9b) : IR : 1690 (s). - ‘H-NMR (80 MHz) : 6 9.72 (1 H, d, J l8), 5.1 
(1 H, m), 2.35 (2 H, td, J 7,2.5), 219 (2 H, q, I 7), 2.11 (3 H, d, J 3), 1.75 (3 H, s), 1.66 (3 H, s). - ‘%-NMR 
(84.7 MHz) : -52 (d,J 18). - MS (150 “c) : 170 (4%, M+), 141 (lo%), 69 (100%). - Analysis : talc. for CtJ&FO 
(170.23) C 70.56, H 8ss; found C 70.54, H 8.88%. 

2-~uo~S~~metayl-t-(l-me~~vl)- (&) : IR : 1750 (s). - ‘H-NMR (60 MHz) : 6 9.59 (1 H, d, 
I 6), 5.2 (4 I-I, m), 264 (2 H, dd, / 25,7)” 21 (4 H, m), 1.7 (6 H, m), 1.6 (6 H, m). - 19F-NMR (84.7 MHz) : -92 
(t, I24). - MS (I50 “C) : 238 (3%, M+), l37 (10%). 81(20%), 69 (100%). 

(Z)-2-Fluoro-3,7,ll-trlmethyl3,6,l~~~~~al (Z-9c) : IR : 1700 (s). - ‘H-NMR (60 MHz) : 6 9.80 (1 H, d, I 
16), 5.1(2 H, m), 2.3 (2 H, m), 20 (6 H, m), l.70 (6 H, s, broad), 1.64 (6 H, s). - ‘9F-NMR (84.7 MHz) : -56 (d, 
J 16). - MS (l50 “C) : 238 (3%, M+), 111(28%), 69 (100%). - Analysis : cak for CtsHvFO (23834) C 7559, H 
9.73; found C 75.13, H 10.15%. 

5. 2-Fluoro+alken-I-& 

winking pIvcedun? I17 ‘4 : Ahmina (Merck 507C, activity grade I, 50 g) were heated 24 h to 400 “C under 
reduced pressure (0.2 mmHg). Diethyf ether (50 mL), isopropyl alcohol (6.0 mL, 4.7 g, 78 mmol) and the 2 
fluoro-2-alkenal(l0 mmol) were consecutively added. After 3 h of vigorous stirring at 25 “C, methanol (150 mL) 
was added and the mixture filtered with suction. The solution was evaporated and the residue distilled in a 
Kugelrohrofen (bulb-to-bulb). 

2-Fluoro-5-meth;yl-2-(l-metbylvinyl)4-be (Y’luorolavandulol”, lob) : 95Z; bp 93 - % ‘C/l mmHg. - 
‘H-NMR (360 MHz) : 6 5.13 (1 H, tm, J 7), 5.05 (2 H, s, broad), 3.71(2 H, dd, .J 21.0,6.5), 2.5 (2 H, m), 1.82 (1 
H, t, J 6.5), 1.78 (3 H, d, I 1 Ha), 1.73 (3 H, d, J 1 Hz), l&I (3 H, 1 s). - ‘9F-NMR (84.7 MHz) ‘: -102 (pent, J 
21.0). - Analysis : talc. for CIoH1,FO (172.24) C 69.73, H 9.9% found C 6931, H 10.20%. 

(z)-2-Fluoro-3,7~methyl-2~~-l-d (“fluorugwaufol~, Z-9h) : 83%; bp 112 - 114 ‘C/O.2 mmHg. - ‘H- 
NMR (80 MHz) : 6 5.1 (1 H, mjs4.20 (2 H, d,J 23), 3.12 (1 H, s), 21 (4 H, m), 1.77 (s, broad), 1.70 (3 H, s), 
1.67 (3 H, d, I3), l.60 (3 H, s). - F-NMR (84.7 MHz) : 44 (t, J 22). - MS (l50 “C) : 172 (196, M+), 101(30%), 
69 (100%). - Amdysis : talc for Ctt,Ht,FO (172.24). C 69.73), H 9.95; found C 69.90, H 10.03%. 
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(Z/E)~-F~U~,~~~-~~~Z~~~~~~~-~~I ~tb~orafamesoP, Z-llb : 87%; (by column 
chromatography). - ‘H-NMR (80 MHz) : X1(2 H, m), 422 (2 H, d,J23), 21(8 H, m), 1.75 (1 H, s), 1.68 (6 H, 
s), 1.68 (6 H, s). - t+NMR (84.7 MHZ) : 44 (4 J 22 ) . - MS (170 =C) : 240 (596, M+), 197 (25%), 61(100%). - 
Analysis : cake for C#,#G C 74.%, H 1O.e found C 74.99, H 10.12%. 
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